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SEMICONDUCTOR MEMORY DEVICE 
HAVING SENSE AMPLIFIER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2009 
015700, ?led Jan. 27, 2009, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to data input/ output of a sense 

ampli?er in a semiconductor memory device. 
2. Description of the Related Art 
A NAND ?ash memory is an example of semiconductor 

memories. Demands for this NAND ?ash memory are 
abruptly increasing as applications in Which large volumes of 
data such as still images and motion images are processed in 
mobile apparatuses and the like increase. The siZe of a 
memory cell of the NAND ?ash memory shrinks for each 
generation in order to increase the memory capacity. 
When the memory cell siZe shrinks, the bit line pitch also 

shrinks. Accordingly, the siZe is determined With respect to 
the bit line pitch, and a sense ampli?er formed in a page buffer 
also shrinks (see, e.g., Jpn. Pat. Appln. KOKAI Publication 
No. 2007-213806). Consequently, the data line drivability of 
the sense ampli?er degrades, so it takes a long time to obtain 
the total amplitude of a data line. 
When reading data from the sense ampli?er, therefore, a 

differential ampli?er placed in a peripheral region ampli?es 
data read to a data line, and transfers the ampli?cation result 
to a read data line. 

In addition, precharge and equalization are performed to 
prepare for the next read. A precharger and equalizer for 
performing these operations are also formed in the peripheral 
circuit. 

That is, the differential ampli?er, precharger, and equaliZer 
to be used in data read are formed in the peripheral circuit. 
Therefore, the data line is extended to the peripheral region 
and electrically connected to these circuits. 

Since the differential ampli?er, precharger, and equaliZer 
are formed in the peripheral circuit, a temporal delay occurs 
before the effects of these circuits propagate to the data line. 
This prolongs the time required to read data from the sense 
ampli?er. 

The time required to read data from the sense ampli?er 
accounts for a high ratio in the data input/output time. 
Accordingly, the increase in time required to read data from 
the sense ampli?er is a serious problem for a high speed 
required of a memory cell. 

BRIEF SUMMARY OF THE INVENTION 

According to a ?rst aspect of the present invention, there is 
provided a semiconductor memory device comprising: a 
memory cell array comprising a plurality of pages in Which a 
plurality of memory cells are arranged; a page buffer formed 
adjacent to the memory cell array, and comprising a plurality 
of sense ampli?ers con?gured to temporarily hold page data 
read from the memory cells in the page; a data line pair 
arranged in the page buffer and connected to the sense ampli 
?ers; a differential ampli?er con?gured to amplify a potential 
difference betWeen lines of the data line pair; and a precharger 
con?gured to precharge the data line pair to a predetermined 
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2 
potential. At least one of the differential ampli?er and the 
precharger is formed in the page buffer, and said at least one 
circuit is electrically connected to the data line pair. 

According to a second aspect of the present invention, there 
is provided a semiconductor memory device comprising: a 
memory cell array comprising a plurality of pages in Which a 
plurality of memory cells are arranged; a page buffer formed 
adjacent to the memory cell array, and comprising a plurality 
of sense ampli?ers con?gured to temporarily hold page data 
read from the memory cells in the page; a ?rst data line pair 
arranged in the page buffer, connected to the sense ampli?ers, 
and running in a ?rst direction; a second data line pair con 
nected to the ?rst data line pair and running in a second 
direction perpendicular to the ?rst direction; a differential 
ampli?er con?gured to amplify a potential difference 
betWeen lines of the ?rst data line pair; and a precharger 
con?gured to precharge the ?rst data line pair to a predeter 
mined potential. At least one of the differential ampli?er and 
the precharger is formed in the page buffer, and said at least 
one circuit is electrically connected to the second data line 
parr. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a block diagram shoWing an overall NAND ?ash 
memory; 

FIG. 2 is a vieW shoWing the layout of a memory cell array 
and page buffer; 

FIG. 3 is an equivalent circuit diagram of a cell array 
region; 

FIG. 4 is a vieW shoWing the con?guration of the page 
buffer, the memory cell array, and a peripheral circuit; 

FIG. 5 is a vieW shoWing the con?guration of the periphery 
of data lines; 

FIG. 6 is a timing chart of the operation of reading data 
from a sense ampli?er; 

FIG. 7 is a vieW shoWing the in?uence of the parasitic 
resistance and parasitic capacitance of a data line pair on the 
read cycle time; 

FIG. 8 is a vieW shoWing the con?guration of the page 
buffer, memory cell array, and peripheral circuit; 

FIGS. 9A and 9B are timing charts of a ?rst data line pair; 
FIGS. 10A and 10B are timing charts of the ?rst data line 

parr; 
FIG. 11 is a vieW shoWing the con?guration of the page 

buffer, memory cell array, and peripheral circuit; 
FIG. 12 is a vieW shoWing the con?guration of the page 

buffer, memory cell array, and peripheral circuit; 
FIGS. 13A and 13B are timing charts of a data line pair; 
FIGS. 14A and 14B are timing charts of the data line pair; 
FIG. 15 is a vieW shoWing the con?guration of the page 

buffer, memory cell array, and peripheral circuit; and 
FIGS. 16A and 16B are vieWs each shoWing the con?gu 

ration of the page buffer, memory cell array, and peripheral 
circuit. 

DETAILED DESCRIPTION OF THE INVENTION 

The best mode for carrying out embodiments of the present 
invention Will be explained in detail beloW With reference to 
the accompanying draWing. 

1 . OUTLINE 

In the embodiments of the present invention, the time 
required to read data from a sense ampli?er is shorted by 
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reducing an interconnect delay between a data line formed in 
a page buffer and a differential ampli?er, precharger, and 
equalizer arranged in a peripheral circuit. For this purpose, at 
least one of the differential ampli?er, precharger, and equal 
izer is formed in a shunt extension region in the page buffer, 
and the circuit formed in the shunt extension region is elec 
trically connected to a data line pair. 

In a practical example, a precharger is formed in each shunt 
extension region, and control is performed to drive all the 
prechargers When performing precharge. This reduces the 
precharge time When reading data from a sense ampli?er. 

2. EMBODIMENTS 

Embodiments Will be explained beloW by taking a NAND 
?ash memory as an example. 

(1) Overall VieW 

FIG. 1 is a block diagram shoWing the Whole of the NAND 
?ash memory. 
Amemory cell array 11 includes a plurality of blocks. Each 

of the plurality of blocks includes a plurality of pages each 
including a plurality of memory cells. 
A page buffer 12 includes a plurality of sense ampli?ers 

corresponding to one page. The sense ampli?ers sense page 
data read from the memory cells. 
A peripheral circuit 13 is a region Where random circuits 

such as a controller, substrate voltage controller, voltage gen 
erator, I/O buffer, and address buffer are arranged. 

(2) Memory Cell Array & Page Buffer 

FIG. 2 shoWs the layout of the memory cell array 11 and 
page buffer 12. 

In the memory cell array 11, cell array regions 14 are 
arranged along the roW direction. 

Source lines SL running in the roW direction are arranged at 
predetermined intervals on the cell array regions 14. TWo 
blocks BKj (jIl, 2, 3, . . . ) are formed betWeen the source 
lines SL. 

Also, shunt regions 15 extending in the column direction 
are arranged at, e.g., predetermined intervals betWeen the cell 
array regions 14. The shunt region 15 is a region formed to 
obtain contacts With regions such as a Well region and source 
region in a semiconductor substrate. 

The page buffer 12 is formed at the end portion in the 
column direction of the memory cell array 11. 

Shunt extension regions 16 are formed in regions obtained 
by extending the shunt regions 15 to the page buffer 12 along 
the column direction. 

The cell array region 14 is formed to have a layout as shoWn 
in, e.g., FIG. 3. 

The cell array region 14 has a plurality of Word lines WL 
and a plurality of selection gate lines SGS and SGD running 
in the roW direction, and a plurality of bit lines BL running in 
the column direction. 
Memory cells MC are arranged at the intersections of the 

Word lines WL and bit lines BL. In addition, selection gate 
transistors ST are formed at the intersections of the bit lines 
BL and selection gate lines SGS and SGD. 
A plurality of memory cells MC are arranged along the 

column direction, and the selection gate transistors ST are 
arranged to sandWich the memory cells MC. A plurality of 
memory cells MC and a plurality of selection gate transistors 
ST form a cell unit 17. 
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4 
A plurality of cell units 17 are arranged at predetermined 

intervals in the roW direction and column direction. The cell 
units 17 each have one end connected to the source line SL, 
and the other end connected to the bit line BL. 
A plurality of memory cells MC connected together to a 

certain Word line WL and simultaneously selected by the 
same roW address form a page 18. The page 18 is the process 
ing unit of data read and Write. Data read or Write is performed 
at once for each page. 
A comparative example corresponding to the embodi 

ments Will be explained beloW With reference to FIGS. 4 to 7. 
FIG. 4 shoWs a con?guration example of a page buffer 12 

and portions of a memory cell array 11 and peripheral circuit 
13 of the comparative example. 
The page buffer 12 has sense ampli?ers 19 equal in number 

to memory cells contained in one page. Also, the page buffer 
12 electrically connects bit lines BL running from the 
memory cell array 11 to ?rst data line pairs 20 via the sense 
ampli?ers 19. 
The sense ampli?er 19 includes a circuit that ampli?es data 

on a bit line and holds the ampli?ed data. The sense ampli?er 
19 further includes a transfer circuit that connects the sense 
ampli?er 19 to the ?rst data line pair 20 based on a signal 
supplied from a column decoder. 
The ?rst data line pair 20 includes data input/ output lines 

IO/IOn (n:0, 1,2, . . . ,7). 

Circuit groups 21 formed in the peripheral circuit 13 each 
include a differential ampli?er, read data line, precharger, and 
equalizer. The differential ampli?er ampli?es data read to a 
data line pair. The read data line outputs the data ampli?ed by 
the differential ampli?er. The precharger precharges the data 
line pair to a predetermined potential. The equalizer electri 
cally connects the lines of the data line pair. 

Second data line pairs 22 are electrically connected to the 
?rst data line pairs 20 in shunt extension regions 16 in the 
page buffer 12. Furthermore, in the peripheral circuit 13, the 
second data line pair 22 is electrically connected to the circuit 
group 21 including the differential ampli?er, precharger, and 
equalizer. 
The operation of reading data from the sense ampli?er 19 

Will be explained beloW With reference to FIGS. 5 and 6. 
FIG. 5 shoWs the con?guration of a column decoder 23, the 

sense ampli?ers 19 in the page buffer, the ?rst data line pair 
20, the second data line pair 22, a precharger 26, an equalizer 
28, a differential ampli?er 24, and a controller 25. The con 
troller 25 controls the differential ampli?er 24, precharger 26, 
and equalizer 28. 

FIG. 6 is a timing chart of the operation of reading data 
from the sense ampli?er 19. 

First, a column address signal and signal CSLE are sup 
plied to the column decoder 23, and signal CSLE is supplied 
to the controller 25. Based on the column address signal, the 
column decoder 23 selects one of the plurality of bit lines. 
Based on signal CSLE, the controller 25 outputs a precharge 
signal PRE for controlling the precharger 26 and equalizer 28, 
and an activation signal IOSEN for controlling the differen 
tial ampli?er 24. 
When receiving signal CSLE, the controller 25 makes pre 

charge signal PRE supplied to the precharger 26 high. When 
precharge signal PRE goes high, the precharger 26 is turned 
off. 

After that, a signal CSLj (j satis?es jIO, l, . . . , N-l Where 
N is the number of memory cells of one page) decoded by the 
column decoder 23 is made high, and the sense ampli?ers 19 
connected to the same bit line in the page buffer 12 are 
selected. In this manner, data of the sense ampli?ers 19 are 
read to the respective corresponding data line pairs 20. 
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Then, the controller 25 supplies activation signal IOSEN to 
the differential ampli?er 24 With a delay by Which a desired 
potential difference appears betWeen the lines of the data line 
pair 20 after the reception of signal CSLE. For example, 
activation signal IOSEN is supplied to the differential ampli 
?er 24 When a potential difference of 100 mV is produced 
betWeen the lines of the data line pair 20. The differential 
ampli?er 24 ampli?es the potential difference betWeen the 
lines of the data line pair 20 to a MOS level, and outputs the 
result to a read data line RD. 

After that, signal CSL goes loW, and precharge signal PRE 
goes loW. Consequently, the precharger 26 and equalizer 28 
are turned on to perform precharge until the potential of the 
data line pair 20 becomes a desired potential. 

The time required to produce a potential difference of 100 
mV betWeen the lines of the data line pair 20 after signal CSL 
decoded by the column decoder 23 goes high is de?ned as a 
data extraction time td, the period during Which activation 
signal IOSEN of the differential ampli?er 24 is high is de?ned 
as a sense time ts, and the period during Which precharge 
signal PRE is loW is de?ned as a precharge time tp. 
The sum of the data extraction time td, sense time ts, and 

precharge time tp must be less than or equal to a read cycle 
time tRC. This is so because if signal CSL of the next cycle is 
supplied While precharge is incomplete, the log remains on 
the data line pair 20, and no correct data can be sensed any 
longer. 

FIG. 7 shoWs the in?uence of the parasitic resistance and 
parasitic capacitance of the data line pair 20 on the read cycle 
time tRC. The explanation Will be made by assuming that the 
data polarity is loW. 
When signal CSL goes high, the data line IO (SA) near the 

sense ampli?er 19 starts discharging. HoWever, the data line 
IO (DA) near the differential ampli?er 24 can discharge With 
only a slope gentler than that of the data line IO (SA) oWing 
to the in?uence of the interconnect delay. When the activation 
timing of the differential ampli?er 24 is de?ned by a potential 
difference of 100 mV, the data extraction time td can be 
reduced by a time Atd if no interconnect delay exists. 

Furthermore, When precharge signal PRE goes loW, the 
data line pair 20 starts precharging. Since the precharger 26 
and equaliZer 28 are arranged close to the differential ampli 
?er 24, the data line IO (DA) is precharged ?rst. HoWever, it 
takes a long time to precharge the data line IO (SA) oWing to 
the in?uence of the interconnect delay. If no interconnect 
delay exists, the precharge time tp can be reduced by time Atp. 

In recent NAND ?ash memories, the length of the ?rst data 
line pair 20 increases because the page siZe increases. Also, 
since the pitch of the bit lines BL shrinks, page buffers are laid 
out as they are vertically stacked. This increases the length of 
the second data line pair 22 formed in the shunt extension 
region 16. Accordingly, the interconnect delay of the data 
lines tends to increase as a Whole. 
As described above, the in?uence of the interconnect delay 

prolongs both the data extraction time and precharge time, 
and makes it dif?cult to reduce the read cycle time tRC. 

(3) First Embodiment 

FIG. 8 is a vieW shoWing a page buffer 12 and portions of 
a memory cell array 11 and peripheral circuit 13 according to 
the ?rst embodiment. 

The ?rst embodiment is characterized in that at least one of 
a differential ampli?er, precharger, and equaliZer is formed in 
a circuit formation portion 27 in a shunt extension region 16 
of the page buffer 12, and the circuit formation portion 27 and 
a ?rst data line pair 20 are electrically connected. That is, a 
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6 
differential ampli?er 24, precharger 26, and equaliZer 28 
formed in a circuit group 21 in the above-mentioned com 
parative example are formed in the circuit formation portion 
27 as needed. 

Since this reduces the distance betWeen the ?rst data line 
pair 20 and the differential ampli?er 24, precharger 26, and 
equaliZer 28, it is possible to suppress the delay of the time 
during Which the ampli?cation of a signal or precharge propa 
gates to the ?rst data line pair 20. 

Also, When forming a second data line pair 22 in the shunt 
extension region 16, the ?rst data line pair 20 is formed by 
using a loW-resistance material, so it is sometimes necessary 
to use a high-resistance material as the second data line pair 
22. Furthermore, the line Width of the second data line pair 22 
must be decreased because the shunt extension region 16 is 
narroW. As a consequence, the resistance of the second data 
line pair 22 rises. 

In the ?rst embodiment, hoWever, the differential ampli?er 
24, precharger 26, and equaliZer 28 are formed in the circuit 
formation portion 27 in the shunt extension region 16, and 
electrically connected directly to the ?rst data line pair 20. 
Accordingly, the ?rst embodiment also has the characteristic 
that the in?uence of the resistance of the second data line pair 
22 can be reduced. 

In the ?rst embodiment as described above, at least one of 
the differential ampli?er 24, precharger 26, and equaliZer 28 
is formed in the circuit formation portion 27 in the shunt 
extension region 1 6 of the page buffer 12, and the circuit in the 
circuit formation portion 27 is electrically connected to the 
?rst data line pair 20. This increases the speed of the operation 
of reading data from a sense ampli?er 19. In addition, it is 
possible to read data from the sense ampli?er 19 and pre 
charge the data line pair 20 Within the read cycle time tRC. 

Practical examples of the layout of the circuit formation 
portion 27 Will be explained beloW. 

(A) First Example 

In the ?rst example, the precharger 26 and equaliZer 28 are 
formed in the circuit formation portion 27 in all the shunt 
extension regions 16, and electrically connected to the ?rst 
data line pair 20. The rest of the circuit is formed in the circuit 
group 21 of the peripheral circuit 13. 

FIG. 9A is a timing chart for the ?rst data line pair 20 When 
forming the precharger 26 and equaliZer 28 in the circuit 
group 21. FIG. 9B shoWs a timing chart for the ?rst data line 
pair 20 When forming the precharger 26 and equaliZer 28 in 
the circuit formation portion 27 in all the shunt extension 
regions 16 of the page buffer 12. 
As shoWn in FIGS. 9A and 9B, When forming the pre 

charger 26 and equaliZer 28 in the circuit formation portion 
27, the precharge time tp is reduced by time At compared to 
that When forming the precharger 26 and equaliZer 28 in the 
circuit group 21. 

Also, the precharger 26 is preferably formed in the periph 
eral circuit 13 in addition to the precharger 26 formed in the 
shunt extension region 16 of the page buffer 12. By thus 
forming the prechargers 26 not only in the page buffer 12 but 
also in the peripheral circuit 13, it is possible to further reduce 
the in?uence of the resistance of the second data line pair 22, 
and further reduce the precharge time. 

In this arrangement, a controller 25 performs control such 
that all the prechargers 26 formed in the shunt extension 
region 16 and the precharger 26 formed in the peripheral 
circuit 13 are turned on at the same time the equaliZer 28 is 
turned on. By forming the prechargers 26 not only in the shunt 
extension region 16 but also in the peripheral circuit 13, the 








